ABSTRACT The concentration of ivermectin in the serum of Hereford heifers treated with a single Ivomec SR bolus reached a maximum of 8.8 Ϯ 0.9 ppb at 2 wk post-treatment. The single bolus treatment resulted in Ͻ10% mortality of adult horn ßies feeding on the blood of the treated animals over the 21-wk trial. Bioassays of the manure from treated cattle showed complete inhibition of development of immature horn ßies through week 19 post-treatment. When the trial was repeated using two Ivomec SR boluses/heifer, the concentration of ivermectin in the serum of the treated cattle reached a maximum level of 31.2 Ϯ 3.9 ppb at week 13 post-treatment. During the Þrst 17 wk of treatment, the use of two boluses/heifer resulted in 96.2 and 81.2% mortality of adult male and female horn ßies feeding on the blood of treated animals, respectively. From these studies, we conclude that a single Ivomec SR bolus used as an anthelmintic treatment can be expected to provide signiÞcant control of immature horn ßies developing in the manure, but not of adults feeding on the treated cattle.
THE AVERMECTINS ARE A CLASS of endectocides that includes ivermectin (Campbell 1989) , doramectin (Vercruysse 1993) , and eprinomectin (Shoop et al. 1996) and are closely related to the milbemycins such as moxidectin (Webb et al. 1991 , Scholl et al. 1992 , Miller et al. 1994 ). Because of their chemistry and mode of action, broad spectrum of activity, and efÞcacy at extremely low dosages, the drugs represent an important class of compounds for control and management of arthropod pests of livestock. Ivermectin, the Þrst of this class to be introduced, has been shown to control a broad variety of both endo-and ectoparasites (Drummond 1985, Lasota and Dybas 1991) . Schmidt and Kunz (1980) determined that ivermectin interfered with development of larval horn ßies, Hematobia irritans (L.), in manure. Miller et al. (1981) showed that a single subcutaneous injection of ivermectin to cattle at a dose of 200 g/kg controlled larval horn ßies in the manure for up to 4 wk after treatment. They also showed that when ivermectin was given daily at a dose of only 1 g/kg orally, it killed all horn ßy larvae in the manure. Ivermectin delivered by injectable microspheres also inhibited development of larval horn ßies in the manure for 10 Ð14 wk (Miller et al. 1999) . Miller et al. (1986) demonstrated that adult horn ßies were killed when they were fed either bovine blood treated with ivermectin or blood taken from heifers subcutaneously injected with the therapeutic dosage of ivermectin. It was also shown that males were more susceptible than females. In addition to mortality, this study demonstrated that ivermectin in the blood diet reduced the number and hatch of horn ßy eggs (Miller et al. 1986 ).
The Ivomec SR bolus (Merck & Co., Rahway, NJ) (Zingerman et al. 1997 ) was introduced as a means of sustained delivery of ivermectin to the rumen of grazing cattle. This ruminal bolus is a push-melt osmotic pump designed to deliver ivermectin at a rate of 11Ð13 mg/d over Ϸ135 d. The bolus has been shown to be efÞcacious in the control of several tick species on cattle (Taylor and Kenny 1990 , Soll et al. 1989 . The objectives of the current study were to determine the efÞcacy and persistence of the commercial Ivomec SR bolus on adult horn ßies feeding on the blood from treated cattle and on larval horn ßies breeding in the manure produced by these cattle.
Methods and Materials
This study was conducted at the USDA, Agricultural Research Service, Cattle Fever Tick Research Laboratory, Mission, TX, in conjunction with a study of the efÞcacy of the Ivomec SR bolus against Boophilus annulatus (Say). Two trials were conducted; one with a single bolus/heifer and a second with two boluses/ heifer. In conducting the research described in this report, the investigators adhered to the Guide for the Care and Use of Laboratory Animals, as promulgated by the Institutional Animal Use and Care Committee of the Knipling-Bushland U.S. Livestock Insects Research Laboratory, Kerrville, TX.
Two Ϸ7-ha (17 acre) pastures, consisting primarily of buffel grass (Cenchurus ciliaius L.), were used to conÞne treated and control cattle. Six Hereford heifers (207.6 Ϯ 16.5 kg) in the pasture designated as the treated pasture were each treated with a single Ivomec SR bolus using a standard balling gun on 11 September 1997. The six Hereford heifers (206.8 Ϯ 23.0 kg) in the pasture designated as the untreated pasture remained untreated as controls for comparative purposes.
Before treatment (day 0) and at weekly intervals, two serum samples were collected by venipuncture from all heifers using 13-ml Vacutainers (Becton Dickinson, Franklin Lakes, NJ) until no ivermectin was detected in any animal for two consecutive bleeding times. Samples were analyzed using a high-performance liquid chromatographic (HPLC) method developed in our laboratory (Oehler and Miller 1989) . The technique enables quantiÞcation of 2 ppb of ivermectin in 5 ml of serum.
In addition to the samples taken for HPLC analysis of serum, every other week beginning with week 1 post-treatment, two additional blood samples were taken from each heifer using 13-ml Vacutainers containing 0.5 ml sodium citrate solution (100 mg/ml). These were used for feeding caged horn ßies in a bioassay. For the bioassay, 50 pairs of 3-to 4-d-old horn ßies from the Kerrville laboratory colony were placed in cylindrical plastic cages (1,400 ml) with screened (20 by 20 mesh) tops and bottoms. The ßies in each cage were fed ad libitum on blood either from the treated or the control heifers. The blood was poured from the respective collection tubes into a shell vial (2 cc), covered with a small piece of saran screen (30 by 30 mesh), and inverted onto the screened top of the cage. A new vial of blood was placed on each cage each day. Dead ßies were removed daily from each cage through a port in the cylindrical wall of the cage. A record of cumulative mortality by sex was maintained for 4 d. Percent mortality because of the treatment was determined by using AbbottÕs formula (Abbott 1925) to correct for mortality in the control sample. In addition, an analysis of variance (ANOVA) was performed on the number of ßies surviving in the bioassay using the mixed model procedure (SAS Institute 1987) .
Manure was collected from the treated and the control heifers for bioassay against larval horn ßies. Samples were collected from the treated and the control heifers before treatment and at biweekly intervals beginning with week 1 post-treatment. Although samples were not identiÞed by the animal number, an effort was made to collect the samples from six fresh manure droppings in the treatment and the control holding pens immediately after the heifers were gathered for bleeding. Each sample was placed in a large, sealable plastic bag, labeled, and frozen for preservation and to kill any horn ßy eggs that might be within the sample. For the bioassay, the manure samples were thawed to room temperature and 100 g were placed in waxed paper cups. One hundred horn ßy eggs, collected from the laboratory colony over a 4-to 6-h period, were placed on each sample. The samples were covered with tissue paper and incubated at 27 C and 50% RH for 7 d. Pupae were then extracted by ßota-tion. The number of pupae and adults subsequently emerging were recorded for each sample. The percent control of adults produced from the manure bioassays because of the treatment was calculated using AbbottÕs formula.
Because the single bolus trial provided a low level of control of horn ßies feeding on the blood from treated animals, this component of the study was repeated with additional heifers using two Ivomec SR boluses per animal. Six additional Hereford heifers (214.0 Ϯ 27.0 kg) were placed in the treated pasture and given two Ivomec SR bolus on 20 May 1998. Six additional Hereford heifers were placed in the untreated pasture (227.7 Ϯ 23.8 kg) and served as the untreated controls for this supplemental experiment.
Results and Discussion
The concentration of ivermectin in the serum of the cattle treated with the single Ivomec SR bolus reached a maximum of 8.8 Ϯ 0.9 ppb at 2 wk posttreatment and steadily declined to 5.0 Ϯ 0.3 ppb at 16 wk and 1.5 Ϯ 1.0 ppb at 19 wk post-treatment (Fig. 1) . By week 21 post-treatment, no ivermectin could be detected in the serum. Figure 2 shows the corrected mortality of both male and female horn ßies as a result of feeding on the blood of the cattle treated with the single bolus. An ANOVA indicated that the blood from the treated heifers produced signiÞcantly (F ϭ 24.82, df ϭ 1,140, P Ͻ 0.001) greater mortality than blood from the control animals. Over the Þrst 17 wk post-treatment, the average mortality was 12.5 Ϯ 5.5 and 8.0 Ϯ 2.1%, respectively, for male and female horn ßies feeding on the blood from treated heifers. However, there was no signiÞcant difference (F ϭ 1.75, df ϭ 1, 140, P Ͼ 0.23) in the response between male and female horn ßies because of treatment. Ivermectin in the manure of heifers treated with the single bolus provided 100% control of developing horn ßy larvae for 19 wk post-treatment. Of the bioassays of the manure samples collected during week 21, two showed 100% inhibition of larval development, two showed 41.2% and 47.2% corrected (Abbott 1925) inhibition, and the other two showed no inhibition of development. This variation between manure samples is not unusual toward the end of treatment efÞcacy. Figure 3 shows the corrected mortality of both sexes of horn ßies as a result of feeding on the blood of the cattle treated with the two Ivomec SR boluses. An ANOVA showed that ßies fed on the blood from the treated heifers had signiÞcantly (F ϭ 997.4, df ϭ 1,140, P Ͻ 0.001) greater mortality than those fed on blood from the control animals. Average corrected mortality for 17 wk post-treatment was 96.2 Ϯ 1.9% for males and 81.2 ϩ 2.1% for females fed on blood from treated heifers. Male horn ßies demonstrated signiÞcantly greater susceptibility to ivermectin than did females (F ϭ 9.29, df ϭ 1, 140, P Ͼ 0.019). This result is consistent with our previous observations (Miller et al. 1986 ).
This study demonstrated that treatment of cattle weighing Ϸ200 kg with a single Ivomec SR bolus yielded signiÞcant mortality of larval horn ßies in the manure and was only marginally effective against blood-feeding adults. Effective control of bloodfeeding adults would not be expected with a single bolus treatment. Although treatment with two Ivomec SR boluses could be expected to provide signiÞcant control of blood-feeding adults for up to 17 wk, such a treatment would not be considered practical. In a recent study, Miller et al. (2001) drew similar conclusions with respect to the efÞcacy of the Ivomec SR bolus against Boophilus annulatus (Say). 
